For the study of bacterial spore germination, spores to be used should be homogeneous in a sense that each spore is equally dormant to start germination synchronously. of stainable spores, and it also describes the improved method of separation of vegetative cells from spores using Carbowax as previously presented by SACKS and ALDERTON (1).
MATERIALS AND METHODS

Organisms
and cultivation. Bacillus subtilis MARSURG strain (kindly supplied by Dr. H. Saito of Institute of Applied Microbiology, University of Tokyo) was used throughout.
For comparison Bacillus subtilis PCI 219 was also used.
These bacteria were cultured at 37° using liquid or solid media of nutrient broth containing 0.1% glucose, DEMAIN 'S medium (2) and G-medium (3 It was usually the case that the sporulation rate was higher when cells were grown on solid media than when grown in liquid media. In an extreme case, when the bacterium was grown on a solid nutrient broth, sporulation rate attained more than 90% at the 3 rd day, whereas no appreciable sporulation occurred in a liquid medium of the same composition even after 4 days of shaking culture ( Plate culture 50°o 72% 98;0 98% Shaking culture 0 0 0 0 PCI 219, which formed abundant spores on a solid nutrient broth, also could not form spore in a liquid medium of the same composition: this organism, however, could form spores even in the latter medium provided that the nutrient broth was supplemented with manganese ion (5, 6).
When B. subtilis MARBURG strain was cultured on a solid medium, high percentage of sporulation were attained.
It was, however, noticed that spores thus obtained sometimes contained methylene blue-stainable spores in an appreciable amount.
To eliminate the contamination of such undesirable spores in a spore sample, cultural conditions of the surface culture on a solid medium were then examined.
Using nutrient broth as the test medium, the thickness of the agar medium was changed and the course of sporulation on each plate was followed.
As seen in Fig. 1 , sporulation rate was highest on thiner agar plates (less than 5 mm) after 3 days of incubation and the rate became higher on thicker agar plates as incubation proceeded.
Important is the finding that the percentage of unstainable (ref ractile) spores in total spores on each agar plate was constant (ca. 100°0) until 5 days and it fell rather abruptly on thicker agar plates after 7 days.
These observations may be explained simply by the diffusion of nutrients in the agar medium.
When the medium is thin, diffusion rate of nutrients in the agar does not limit the supply of nutrients to the surface where cells are growing; thus the environmental (nutritional) change for cells is caused rather abruptly only by the exhaustion of nutrients, which leads to the synchrous sporulation. By contrast, on thicker agar media the nutrient supply to the surface proceeds slowly but steadly for a long period, resulting in an asynchronous sporulation and in farther germination, but not in outgrowth, of spores once formed. From these observations, spores of the MARBUR.G strain were collected after 3 days of cultivation on nutrient agar media of 5 mm in thickness. The availability of such cultural conditions to the other bacilli tested was also ascertained. Observation were made at 3(A), 5(B) and 7(C) days of cultivation on nutrient broth agar containing 0.100 glucose.
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Percentage of refractile spores in total spores being formed. x --x Percentage of spores in cell population. VOL. 10 Separation of spores from vegetative cells The system Y of SACKS and ALDERTON (1) was found to be favorable for the separation of spores from vegetative cells. This system is composed of, per lOa ml (including sample): Carbowax 4000, 11.18g and 3 M phosphate buffer (pH 7.1), 34.1 ml. After vigorous homogenization and centrifugation (at 1,500 x g) of this mixture, it was separated into two phases and spores remained in the upper phase.
In this two phase system, however, the volume of the upper layer is smaller than that of the bottom layer (ca. 1:2). This situation causes the limitation of loading capacity and low efficiency of spore separation.
Therefore, an attempt was made to employ a single phase system using only the upper layer of the system Y for the separation of spores at higher efficiencies at the expense of smaller amounts of Carbowax.
First, the phosphate and Carbowax contents in each layer of the system Y was determined by the method of ALBLRTSSON (4). The results in Table 2 clearly indicate the low phosphate and high Carbowax contents in the upper layer.
Therefore, if the upper and bottom layers are previously prepared separately, the mixing ratio of the two volumes can freely be changed and the recovery of spores can be improved by repeated shakings of the bottom layer (containing mixture of spores and vegetative cells) with the fresh upper layer solutions.
The single phase system to be described below will be much simpler than the two phase system. This single phase system may be conveniently employed especially when the original spore suspension contains only a small amount of vegetative cells.
For the single phase system, 25/ Carbowax solution in 0.5 M phosphate buffer (pH 7.1) was found to be desirable.
Washed spores collected from the surface area of approximately 104 cm2 of agar media (5 mm in thickness) were suspended in 1 to 2 liters of the cold Carbowax-phosphate solution (ca. 2 mg spore per ml solution), homogenized at 4° and centrifuged at 6000><g for 30 min.
After ascertaining microscopically the definite separation of spores, the upper two-third portions of the spore suspension was sucked gently with a siphon leaving the lower one-third portion, which contained contaminating vegetative cells. The bottom portion was further mixed with 500 to 1,000 ml of the Carbowax-phosphate solution and the upper two-third portions were again separated after centrifugation. Repeating such treatments of the bottom portion improved the recovery of spores.
Each upper portion was then combined, and spores were In the present method, if stainable (non-ref ractile) spores are still contaminated in the final spore sample, the further treatment by the method of LONG and WILLIAMs (6) should be recommended, although the yield may be reduced by this treatment.
Spores were suspended in distilled water and centrifuged at 7,000>< g for 5 min. The supernatant fluid was gently discarded and the stainable spores sedimented at the surface of the precipitate was washed out gently with a small amout of water ; the remaining spores at the bottom was non-stainable and ref ractile in nature. Photomicrographs were taken after staining with LOFFLER'S methylene blue solution.
Purified spore samples were f reez-dried and stored at -25°. When they germinated, the opical density at 550 mp of spore suspension (0.02 mg dry weight per ml) dropped by 54% after 30 min of incubation, thus showing the high synchrony of germination.
SUMMARY
For the preparation of clean bacterial spore samples, cultural conditions were examined under which the least possibility of contamination of vegetative cells and of non-ref ractile spores could be attained. The cultivation of bacilli on the nutrient agar of 5 mm in thickness for 3 days was found to be favorable for this purpose.
For the purification of spores, an improved method of SACKS and ALDERTON was adopted.
After analyzing the composition of the upper layer of their Y-system, a single layer system of 25% Carbowax 4000 solution in 0.5 M phosphate buffer (pH 7.1) was found to be favorable solvent for the separation of spores and vegetative cells. When impure sample was mixed vigorously with this solvent and centrifuged at 600 x g for 30 min, spores remained homogeneously dispersed in the supernatant, while vegetative cells sedimented at the bottom.
Recommended procedure for the purification of bacterial spores is described.
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